ϩ effects on transport and NH 4 ϩ transport itself in colonic epithelium is poorly understood. The goal of this study was to elucidate the effects of NH 4 ϩ on cAMPstimulated Cl Ϫ secretion in the colonic cell line T84. In HEPESbuffered solutions, application of basolateral NH 4 ϩ resulted in a reduced level of Cl Ϫ secretory current. The effect of NH 4 ϩ appears to occur by at least three mechanisms: 1) basolateral membrane depolarization, 2) a competitive effect with K ϩ , and 3) a long-term (Ͼ20 min) increase in transepithelial resistance (TER). The competitive effect with K ϩ exhibits anomalous mole fraction behavior. Transepithelial current relative to that in 10 mM basolateral K ϩ was inhibited 15% by 10 mM NH 4 ϩ alone and by 30% with a mixture of 2 mM K ϩ and 8 mM NH 4 ϩ . A mole fraction mix of 2 mM K ϩ :8 mM NH 4 ϩ produced a greater inhibition of basolateral membrane K ϩ current than pure K ϩ or NH 4 ϩ alone. Similar anomalous behavior was also observed for inhibition of bumetanide-sensitive 36 Cl Ϫ uptake, e.g., Na ϩ -K ϩ -2Cl Ϫ -cotransporter (NKCC-1). No anomalous effect was observed on Na ϩ -K ϩ -ATPase current. Both NKCC-1 and Na ϩ -K ϩ -ATPase activity were elevated in 10 mM NH 4 ϩ with respect to 10 mM K ϩ . The effect on TER did not exhibit anomalous mole fraction behavior. The overall effect of basolateral NH 4 ϩ on cAMP-stimulated transport is dependent on the [ ϩ CONCENTRATION can range from 15 up to 100 mM (28) . Normal arterial plasma levels of NH 4 ϩ are relatively low at 45 M (5, 28). The fact that portal vein NH 4 ϩ levels are elevated with respect to arterial plasma (ϳ350 M) indicates a net absorption of NH 4 ϩ across the colonic epithelium (28). The NH 4 ϩ level at or near the base of the colonic epithelium is unknown but is likely to be significantly higher, ϳ3-10 mM than that in the portal vein due to the Ͼ10-fold dilution of "colonic crypt" blood by the time it reaches the portal vein. Despite this, little is known about ammonium (NH 4 ϩ ) transport or NH 4 ϩ effects on colonic ion transport. Excess in systemic NH 4 ϩ levels can lead to hyperammonemia-associated encephalopathy that can be life threatening. Although the kidney is responsible for carrying out the bulk of body NH 4 ϩ homeostasis, the possibility exists that some level of body NH 4 ϩ control can be accomplished via changes in colonic function and/or in the level of NH 4 ϩ production within the lumen of the colon.
Previous studies in rat and human colon as well as cultured epithelial cell lines have demonstrated that NH 4 ϩ can inhibit both sodium absorption (1, 2) as well as Cl Ϫ secretion (2, 12, 23, 24, 26) . With the use of the T84 secretory colonic cell line, it was shown that NH 4 ϩ can affect cAMP-and cGMP-dependent Cl Ϫ secretion but not carbachol-induced Ca 2ϩ -dependent secretion (23) . Although NH 4 ϩ did not inhibit the secretory response to carbachol or thapsigargin, pretreatment with NH 4 ϩ was found to blunt the secretory response of T84 cells to Ca 2ϩ ionophore-mediated secretion. Posttreatment with NH 4 ϩ did not affect the Ca 2ϩ ionophore-mediated secretion (23) . NH 4 ϩ is a weak acid with an acid-base ionization constant (pK a ) ϭ 9.2 and with some notable exceptions (14, 30) can diffuse across the plasma membrane. However, at physiological pH, ϳ98% of NH 3 exists in the protonated form of NH 4 ϩ . The NH 3 /NH 4 ϩ prepulse method has been used extensively as a means of altering intracellular pH (pH i ). Although, in previous studies (12) in which NH 4 ϩ did alter pH i in T84 cells, the changes in pH i did not correlate with the changes in Cl Ϫ secretion. In addition, there was a sidedness to the NH 4 ϩ effect on cAMP-stimulated Cl Ϫ secretion, with application to the basolateral side having an inhibitory constant (K i ) of 5 mM and apical application of K i ϭ 50 mM, which suggested that the NH 4 ϩ effect on Cl Ϫ secretory rate occurred by affecting the basolateral membrane transport processes. Indeed, in the report of Hrnjez et al. (12) , NH 4 ϩ was found to not alter the apical Cl Ϫ conductance (CFTR) but was found to affect the basolateral K ϩ conductance. The minimalist model for electrogenic Cl Ϫ secretion in T84 cells includes an apical Cl Ϫ conductance in series with basolateral Na
Ϫ cotransporter, K ϩ conductance, and Na
ϩ has been shown to interact with a number of K ϩ transport proteins, including K ϩ channels (3, 4, 9, 40), Na
Ϫ and KCl cotransporters (15, 35) , and Na (17, 33) . The purpose of this study was to address the effects of NH 4 ϩ interactions on the basolateral transport processes in T84 cells that are of key importance in the Cl Ϫ -secretory model (29, 36) .
MATERIALS AND METHODS
Cell culture. T84 cells (8) Measurement of transepithelial current. The quality of high resistance monolayer formation was monitored by using an EVOM (World Precision Instruments) as described previously (38) . This instrument consists of a pair of Ag/AgCl electrodes mounted in "chopstick" fashion attached to a customized voltohmmeter. Transepithelial measurements were carried out in the following base solution (in mM): 140 NaCl, 5 KCl 0.5 CaCl 2, 2 MgCl2, 10 Na-HEPES at a pH of 7.4. "K ϩ -like" cations were added as indicated in the text to a K ϩ -free base solution, and the solution was pH adjusted to pH 7.4 as necessary. cAMP-dependent Cl Ϫ secretion was stimulated either by basolateral 10 nM PGE2 or 10 M forskolin. This was initially done to rule out possible effects of NH 4 ϩ due to very high cAMP levels vs. those achieved with an endogenous agonists. Results were similar with each method, as indicated in Fig. 3 .
Basolateral potassium currents. The basolateral K ϩ channel current was isolated by using nystatin permeabilization of the apical membrane (18) in the following manner. The apical solution was switched to one containing (in mM): 135 K-gluconate, 0.5 Cagluconate, 2 Mg-gluconate, 10 K-HEPES at pH 7.4 containing 200 U/ml nystatin. The basolateral solution was: 130 Na-gluconate, 10 K or 2 K ϩ 8 NH 4 or 10 NH4-gluconate, 0.5 Ca-gluconate, 2 Mggluconate, 10 Na-HEPES at pH 7.4 containing 10 M forskolin and 100 M ouabain. Nernst potentials were equilibrium potential for K ϩ (EK) ϳ60 mV, equilibrium potential for Na ϩ (ENa) Ͼ125 mV, Enonselective ϳ0 mV with 10 mM basolateral K ϩ and apical nystatin. Effectiveness of apical permeabilization was gauged by the transepithelial potential (E TR) . Experiments in which ETR approached EK with 10 mM basolateral K ϩ were used for analysis. Measurement of pHi. pHi was determined flurometrically, as previously described (12) . Briefly, confluent T84 cell monolayers were grown on Anocell inserts (0.33 cm 2 ). Cells were loaded with BCECF-AM for 1 h at room temperature and mounted in a customized quartz cuvette that allowed for isolation between the apical and basolateral solutions. NH 4 ϩ was added to the basolateral side of the monolayer while monitoring the fluorescence output. Dye calibration with pH i was accomplished by running pH standards at the end of each experiment.
Ϫ -cotransporter (NKCC-1) activity was determined by bumetanide-sensitive basolateral 86 Rb or 36 Cl uptake. Cells grown on 24-mm Costar inserts were stimulated with 10 M forskolin and transepithelial currents measured at 5 min. Individual inserts were then placed in wells containing 1 Ci/ml 86 Rb or 1 Ci/ml 36 Cl with or without 50 M bumetanide for 1 min. Inserts were washed by sequentially dunking into two reservoirs of Ͼ500 ml ice-cold 0.1 M MgCl 2 and 10 mM Tris-Cl pH 7.4. Cells were lysed with 1% Triton X-100, scraped, and collected into liquid scintillation vials. Correcting for protein content by protein measurements on individual inserts did not lead to a significant decrease in variability and were thus omitted to simplify the assay.
Pump current. Current due to Na ϩ -K ϩ -ATPase was assessed by measuring the ouabain-sensitive transepithelial current under the following conditions: apical: 120 Na-gluconate, 5 K-gluconate, 0.5 Ca-gluconate, 2 Mg-gluconate, 10 Na-HEPES at pH 7.4 containing 200 U/ml nystatin; and basolateral: 120 Na-gluconate, 5, 10, or 2 K ϩ 8 NH 4, or 10 NH4-gluconate, 0.5 Ca-gluconate, 2 Mg-gluconate, 10 Na-HEPES at pH 7.4 containing 10 M forskolin and Ϯ100 M ouabain. Nernst equalibrium potential were E Na ϳ0 mV and EK ϳ0 mV with 5 mM basolateral K ϩ for the given solutions in the presence of apical nystatin.
Reagents. Forskolin was obtained from Calbiochem, PGE 2 was from BioMol, 86 Rb (0.5-10 mCi/mg) and 36 Cl (3 mCi/mg) were from Amersham, FBS and PenStrep were from GIBCO-BRL, all other chemicals were of the highest grade obtainable from Sigma.
Significance tests. Data are presented as means Ϯ SE. Significance was estimated by using Student's t-test and two-way ANOVA when indicated, with a P value of Ͻ0.05 indicating a significant difference.
RESULTS

NH 4
ϩ effects on transepithelial transport. Figure 1 depicts PGE 2 stimulated cAMP-dependent Cl Ϫ secretion in T84 monolayers. Open-circuit current increased significantly from 1.6 Ϯ 0.1 to 50 Ϯ 0.4 A/cm 2 within 5-min treatment with basolateral 10 nM PGE 2 . Current was relatively stable for 30 min, with only a slight decline in current magnitude observed. The addition of increasing amounts of basolateral NH 4 ϩ on a background of 5 mM basolateral K ϩ produced an increasing amount of current inhibition. At 5-min exposure, current (in A/cm 2 ) was Ϫ51 Ϯ 0.5 for control and Ϫ42 Ϯ 1, Ϫ23 Ϯ 3, and Ϫ17 Ϯ 2 for 1, 10, and 20 mM for added NH 4 ϩ , respectively. This corresponds to current inhibition of 18, 54, and 66% by 1, 10, and 20 mM NH 4 ϩ , respectively when added in the presence of 5 mM K ϩ . These results are consistent with the effect previously reported (26) for forskolin stimulation of current.
Because NH 4 ϩ is of similar size to K ϩ , it is possible that NH 4 ϩ conduction through basolateral K ϩ channels is similar to (Fig. 1 ), each congener including K ϩ itself was used at a 10 mM basolateral concentration. Figure 2 shows PGE 2 -stimulated open-circuit current relative to that with 5 mM basolateral K ϩ . Basolateral solutions were changed to those indicated at the 5-min time point. Current decreased slightly but was relatively stable with replacement of the basolateral control solution (5 mM KCl). Interestingly, shifting the basolateral solution to one containing 10 mM K ϩ produced a similar inhibitory effect to that of 10 mM NH 4 ϩ with 7-min exposure (41 Ϯ 1.2 and 37 Ϯ 1.0%, respectively). This is consistent with NH 4 ϩ producing a basolateral membrane depolarization by conduction through basolateral K ϩ channels. However, inhibition by 10 mM NH 4 ϩ was greater than that of 10 mM K ϩ at 15-min exposure (40 Ϯ 1.2 and 50 Ϯ 1.4%, respectively). Both 10 mM Rb ϩ and 10 mM Tl ϩ , ions known to permeate some K ϩ channels, produced current inhibition greater than that of 10 mM K ϩ . Rb ϩ inhibited current by 54 Ϯ 1.8% and Tl ϩ inhibited current by 64 Ϯ 2.5% with 7-min exposure. Whereas inhibition produced by Rb ϩ was stable between 7 and 15 min, that of Tl ϩ continued to increase. All basolateral solutions were subsequently replaced to control (5 mM K ϩ ) at the 20-min time point. On washout, current inhibition by 10 mM K ϩ and 10 mM Rb ϩ was fully reversible. Compared with a control value of 80 Ϯ 1% initial current, current with washout of K ϩ and Rb ϩ were 94 Ϯ 1 and 87 Ϯ 1% of initial values. The observation that both are relatively flat between the 12-and 20-min time points is consistent with a pure membrane depolarization effect. Unlike, Rb ϩ and K ϩ , current inhibition by 10 mM NH 4 ϩ was not fully reversible; current magnitude was 67 Ϯ 1.5% of the initial value on removal of NH 4 ϩ (significantly different from control).
This, taken together with the observation of continued inhibition after 7-min exposure, suggests that NH 4 ϩ may exert effects other than can be explained by simple basolateral membrane depolarization. Current inhibition by 10 mM Tl ϩ was irreversible as has been seen by others in frog skin (41).
The degree of current inhibition by each cation after 5-min exposure relative to that seen with basolateral 10 mM K ϩ was as follows. NMDG-Cl was similar to K ϩ 1.08 Ϯ 0.02 for NMDG and 1.00 Ϯ 0.05 for 10 mM K ϩ . 1 Figure 3A shows the current relative to that of 10 mM K ϩ with various mixes of K ϩ and NH 4 ϩ in which the sum of K ϩ and NH 4 ϩ is held at a constant 10 mM. Figure 4 shows open-circuit current that is due to the basolateral K ϩ conductance (monolayers treated in Cl Ϫ -free solutions with apical nystatin and basolateral ouabain). As predicted from the data in Fig. 4, a 
ϩ , respectively. Relative to current in 10 mM K ϩ , this corresponds to a current level of 72% for 10 mM NH 4 ϩ and 47% for the K ϩ , NH 4 ϩ mix. Such anomalous mole fraction behavior has been associated with a number of ion channels (11) . These data also support the notion that the basolateral K ϩ conductance activated with cAMP-stimulated Cl Ϫ secretion has a measurable NH 4 ϩ permeability and conductance. NH 4 ϩ effect on NKCC-1. NH 4 ϩ has been reported to be a substrate for NKCC-1 (15, 35) . One means to determine the relative rates of NH 3 and NH 4 ϩ entry into cells is to monitor pH i changes with the addition or removal of external NH 4 ϩ . Figure  5A shows the change in pH i with the basolateral addition of 10 mM NH 4 ϩ . Initially, there is an alkalinization of pH i consistent with net NH 3 entry. However, this is followed by an intracellular acidification phase consistent with net NH 4 ϩ entry. On removal of basolateral NH 4 ϩ , pH i further acidifies, indicating net NH 3 exit. Figure 5B shows a representative monolayer that has been pretreated with bumetanide to block basolateral NKCC-1. Basolateral addition of NH 4 ϩ with bumetanide pretreatment results in a pronounced intracellular alkalinization that is not followed by acidification, indicating net NH 3 entry Fig. 3 . A: addition of basolateral 10 mM NH4Cl causes pHi to alkalinize followed by acidification, indicating the net movement of NH3 followed by net NH 4 ϩ entry into the cell. On washout of basolateral NH 4 ϩ , pHi further acidifies indicating net NH3 exit. B: pretreatment of cells with bumetanide, to block NKCC-1, prevents net intracellular acidification by basolateral NH 4 ϩ . Note that the subsequent wash still produces a net acidification. Representative data from 4 experiments shown. throughout the 20-min time course. This is consistent with the idea that net acidification with external NH 4 ϩ seen in Fig. 5A is due to NH 4 ϩ entry via NKCC-1. Intracellular acidification on washout either in the presence or absence of bumetanide, suggests that the NH 4 ϩ exit pathway, once NH 4 ϩ has entered the cell, is limited. That is, the exit pathway represents net NH 3 exit independent of NKCC-1. NH 4 ϩ entry via NKCC-1 is further supported by the data in Fig. 6 .
Direct assessment of NKCC-1 activity was accomplished by using 36 Cl uptake. Figure 6 shows the bumetanide-sensitive 36 Of the "K ϩ -like" ions tested, only NH 4 ϩ produces a substantial increase in TER. Figure 8A shows the TER relative to that ϩ bumetanide-sensitive 36 Cl Ϫ uptake in forskolin-stimulated T84 cells. Both increased basolateral K ϩ and basolateral NH 4 ϩ decreased bumetanide-sensitive 36 Cl Ϫ uptake. Inhibition of 36 Cl Ϫ uptake exhibited anomalous mole fraction behavior with a mixture of 2 mM K ϩ and 8 mM NH 4 ϩ producing a greater inhibition than pure K ϩ or NH 4 ϩ . Uptake time was for 1 min in monolayers stimulated with 10 M forskolin. Gluconate salts were used for cation substitutions. Representative data from 4 experiments shown. *Significant vs. K ϩ and NH 4 ϩ , #significant vs. K ϩ and mix. Fig. 7 . Long-term exposure to basolateral NH 4 ϩ increases transepithelial resistance (TER). Basolateral PGE2 (10 nM) was added at time 0. At 5 min, basolateral solutions were changed to 5 mM KCl (F), 10 mM KCl (), or 10 mM NH4Cl (s) with PGE2. The effect was not reversible on return to basolateral 5 mM K ϩ (last data points). Representative data from 4 experiments shown for each data set. in 10 mM K ϩ with 35-min exposure to the indicated ions. TER was 81 Ϯ 1% that of K ϩ for Tl ϩ and 97 Ϯ 1% for Rb ϩ . TER was increased 7 Ϯ 1% by Cs ϩ , 13 Ϯ 1% by NMDG, and 52 Ϯ 3% by NH 4 ϩ with respect to K ϩ . Figure 8B depicts the relative current for the same data set. Current relative to that in 10 mM K ϩ (in %) was 71 Ϯ 2 for NMDG, 63 Ϯ 4 for Rb ϩ , 60 Ϯ 1 for NH 4 ϩ , 23 Ϯ 1 for Cs ϩ and 8 Ϯ 1 for Tl ϩ . Note that the change in TER does not correlate with the changes in current (e.g., the series are not the same). This argues against the NH 4 ϩ -induced increase in TER being due to a reduction in the basolateral membrane K ϩ conductance. Further evidence that the NH 4 ϩ effect on TER is distinct from that on the basolateral transport processes is provided in that the NH 4 ϩ effect on TER does not display anomalous mole fraction behavior but rather increases as a function of the NH 4 ϩ concentration. TER was increased 9 Ϯ 1, 14 Ϯ 2, 23 Ϯ 7, and 55 Ϯ 5% by 2.5, 5, 7.5, and 10 mM NH 4 ϩ , respectively.
DISCUSSION
Data presented demonstrate that NH 4 ϩ , when present at the basolateral membrane of a model cell line for electrogenic Cl 
NH 4
ϩ effects on transepithelial transport. The fact that PGE 2 (cAMP)-stimulated Cl Ϫ secretion in T84 cells is inhibited by the addition of NH 4 ϩ to the transporting monolayer is consistent with earlier findings. We have previously reported that both forskolin (cAMP)-and heat-stable enterotoxin (cGMP)-stimulated secretion is inhibited by basolateral NH 4 ϩ and that this effect, in part, relates to an inhibition of the cAMP-activated basolateral K ϩ conductance in these cells (12, 26) . Electrogenic Cl Ϫ secretion is dependent on the driving force for Cl Ϫ exit across the apical membrane, which is principally due to a negative intracellular potential maintained by the basolateral transport processes, namely the combined function of the Na ϩ -K ϩ -ATPase and a "K ϩ leak" pathway. Increasing the K ϩ leak pathway will increase the driving force for Cl Ϫ exit at the apical membrane. On the other hand, decreasing the K ϩ leak pathway will decrease the driving force for apical Cl Ϫ exit (32, 36, 37) . NH 4 ϩ and K ϩ are of similar size; thus NH 4 ϩ can substitute for, and/or compete with, K ϩ in many K ϩ channels. We have shown here (Fig. 1 ) that under conditions in which basolateral NH 4 ϩ is added in the presence of basolateral K ϩ , NH 4 ϩ has a significant inhibitory effect on transepithelial current. Previously reported experiments were performed in this manner (12, 26) . However, when NH 4 ϩ is applied to the external side under nominally K ϩ -free conditions (Fig. 2) , the inhibitory effect compared with equal molar K ϩ is less pronounced. Other congeners of K ϩ produce a current inhibition (Fig. 2) , thus suggesting that, in part, NH 4 ϩ is able to slow K ϩ exit in a manner similar to externally applied K ϩ and other K ϩ congeners. Assuming that NH 4 ϩ and K ϩ permeability on the external side of the basolateral K ϩ channel are similar, one would predict that an increase in basolateral NH 4 ϩ could exert a basolateral membrane depolarization effect and thereby decrease the rate of Cl Ϫ secretion. The prediction of this model is that once the basolateral concentration of the K ϩ congener is reduced, the basolateral membrane depolarization effect would be reduced and transepithelial current would increase to previous levels. This appears to be the case as basolateral K ϩ or Rb ϩ concentrations are changed but only partially for NH 4 ϩ and not at all for Tl ϩ (Fig. 2) . Lack of reversibility with Tl ϩ is not unexpected, because others (40) 4 ϩ produce more current (refer to Fig. 3) . NH 4 ϩ effect on basolateral K ϩ conductance. Previous data indicated that NH 4 ϩ inhibition of Cl Ϫ secretion in T84 was due to NH 4 ϩ block of the cAMP-stimulated basolateral K ϩ channel (12) . Data presented herein are consistent with and amplify that finding. Because anomalous mole fraction behavior is considered to occur with ion channels, experiments to determine basolateral K ϩ conductance inhibition were carried out. As is shown in Fig. 4, a K ϩ , NH 4 ϩ mix at 2:8 reduces basolateral K ϩ current to a greater extent than an equal molar amount of NH 4 ϩ . Anomalous mole fraction behavior has been demonstrated for a number of ion channel types and is most often attributed to an ion channel with multiple ion binding sites and single file flow (9) . A number of basolateral K ϩ channels have been reported to occur in colonic crypts (16, 19, 34) and in T84 cells (6, 7, 13 Rb uptake. This is supported by a study involving NKCC-2 from rabbit kidney thick ascending limb in which bumetanide-sensitive 86 Rb uptake was inhibited by NH 4 ϩ , whereas 22 Na uptake was not (15) . Thus to accurately address Cl Ϫ entry across the basolateral membrane via NKCC-1, bumetanide-sensitive 36 Cl uptake was used. Our experiments demonstrate (Fig. 6 ) the novel finding that NH 4 ϩ exhibits anomalous mole fraction behavior on NKCC-1. Although anomalous mole fraction effects have been most strongly associated with multipore single-file ion channels (9), they may also occur due to the electrostatic consequences of localized ion specific binding (25) 4 ϩ is higher than in equal molar K ϩ , which is not the case for the effect on basolateral K ϩ current (Fig. 6  vs. Fig. 4) , thus suggesting more than a simple indirect effect of K ϩ /NH 4 ϩ mix on NKCC-1. Moreover, if this were the case, one would expect that the bumetanide-sensitive 86 Rb uptake would match that of the 36 Cl uptake, which is not the case. One interesting possibility is that the NH 4 ϩ /K ϩ interaction might favor the exchange mode of NKCC-1. NKCC-1 is known to exhibit K ϩ /K ϩ exchange activity under which no Cl Ϫ flux occurs (22) , thus one could get a 86 Rb uptake which exceeded that of 36 Cl uptake by 86 Rb/K exchange. Indeed, for the mixed condition of 2 mM K ϩ and 8 mM NH 4 ϩ , 86 Rb uptake was reduced 47%, whereas 36 Cl uptake was reduced 84% with respect to 5 mM K ϩ . NH 4 ϩ effect on Na ϩ -K ϩ -ATPase. No anomalous mole fraction effect was observed with an NH 4 ϩ , K ϩ mix on Na ϩ -K ϩ -ATPase activity as measured by ouabain-sensitive current. However, there does appear to be a slight increase in pump current (ϳ25%) with pure NH 4 ϩ vs. pure K ϩ , which implies that the Na ϩ -K ϩ -ATPase in these cells may prefer NH 4 ϩ . NH 4 ϩ substitution for K ϩ , with equal affinity, on Na ϩ -K ϩ -ATPase from crab gill membrane vesicles has been demonstrated (33) . Similarly, NH 4 ϩ was shown to substitute for K ϩ on Na ϩ -K ϩ -ATPase from rat proximal tubules (17) . Early studies of Na ϩ -K ϩ -ATPase activity, however, have demonstrated enhanced activity with NH 4 ϩ (27, 31) . It is reasonable to assume on the basis of the slight increase in pump current with NH 4 ϩ and the ouabain-insensitive 86 Rb uptake (predominately due to the pump), that under conditions in which the extracellular [NH 4 ϩ ] approaches that of [K ϩ ], a significant amount of NH 4 ϩ would be pumped into the cell by Na ϩ -K ϩ -ATPase. NH 4 ϩ effect on TER. Longer-term NH 4 ϩ exposure (refer to Fig. 7 ) leads to an increase in TER. Although, on first thought, this might suggest an increase in basolateral membrane resistance due to block of basolateral K ϩ channels, a number of observations suggest otherwise. K ϩ -like ions that produce a greater inhibition than NH 4 ϩ do not substantially affect TER (Fig. 8) , and the long-term effect of NH 4 ϩ is not readily reversible. Indeed, on washout of NH 4 ϩ , TER increased further 
